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Abstract 
Henry R. Maddux 
The distribution, temperature selection, and gonadal 
developnent of fishes in the Big Stone Power Plant cooling reservoir 
were examined from July 1982 through July 1983. A total of 46. 8% of 
the fishes captured during this study were fran the discharge area, 
while 31. 8% and 21. 4% of the fish occurred in the mixing and intake 
areas, respectively. The mean water temperature occupied by common 
carp (Cyprinus �arpio) ranged from 7.5 C in February to 31.2 C in 
August. Black 
and captured 
bullheads (Ictalurus ITielas) were generally benthic 
in the cooler water. The mean water temperature 
occupied by black bullheads ranged fran 7.5 C in April to 29. 6 C in 
July 1982. Of all the fish species captured, yellow perch (�  
flavescens) tended to inhabit the coolest water available. The mean 
water temperature occupied by yellow perch ranged from 4.5 C in 
February to 29.4 C in August. The mean water temperature occupied 
by walleyes (Stizostedion vitr� vitreum) ranged fran 13.4 C in 
February to 30.4 C in August; walleyes inhabited the discharge area 
during most of the year. A total of 13 other fish species were 
collected but not in sufficient numbers for examination of their 
distributions using temperature. 
comnon carp had two distinct spawning periods, the first occurring 
in May and the second in August. Black bullheads spawned during 
June and July, similar to periods reported in other South Dakota 
reservoirs. Yellow perch spawned in late April. The peak 
gonosomatic index for male bluegills (�mis ����<:_hi�) 
coincided with the peak for females in May. Bluegills spawned 
throughout the sunmer period. Water temperature in the Big Stone 
Power Plant cooling reservoir did not inhibit ova maturation in any 
of the fish species examined. 
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INTRODUCTION 
The reproductive cycle of fishes involves a developnental 
sequence including, gonadal transformation, gamete maturation, 
spawning migration, release of viable gametes, and resorption of 
unspent 
processes 
(Hokanson 
reproductive products. In temperate climates these 
can be directed by both temperature and photoperiod 
1977) . Water temperature has been suggested as the 
factor for spermatogenesis in some fish species determining 
(Merriman and Schedl 1941; Gupta 1975) . Most researchers have 
suggested that both increased photoperiod and elevated water 
temperature are required for stimulation of oocyte maturation (e. g. 
Harrington 1959; Hoar 1969; Kaya and Hasler 1972; Beumer 1979) . 
Breder and Rosen (1966) suggested that the rate of temperature 
increase rather than absolute temperature stimulates spawning. 
However, constant elevated water temperature has been shown to have 
a negative effect on the reproductive cycle of the fathead minnow 
(Pimephales E_romelas) (Brungs 1971) and another cyprinid (Mir�g_rex 
terrae-sanctae) (Yaron et al. 1980) • 
water temperature can have both positive and negative effects 
on the reproductive cycle of fishes. Possible effects include: 
(1) delayed or interrupted spawning season which can lead to 
resorption of ova, which in turn can interfere with the developnent 
of oocytes for the next year (Rawson 1957; Hokanson 1977) , (2) 
different periods of gamete maturation in males and females, (3) 
decreased or increased fecundity (Brungs 1971) , (4) subpopulations 
2 
occupying different thermal regimes spawning at different times 
(Tranquilli et al. 1981) , (5) multiple spawns in one year (Swee and 
McCrirrmon 1966) , and (6) water temperature may warm too quickly 
inhibiting ova maturation and/or spawning during the optimum 
temperature range for spawning (Hokanson 1977) . There are also 
situations where water temperature has no apparent effect on the 
reproduction of fish (Mathur et al. 1980; Barwick 1981) . 
The effect of waste heat discharged into aquatic systens on the 
physiological processes of fish has been a concern (Alabaster and 
Downing 1966; Boytsov 1971; Bennett 1972; Bennett and Gibbons 1975; 
Dean and Bailey 1976; Moore 1979; Mather et al. 1980; Tranquilli et 
al. 1981) . In 1970, the United States power industry used 
approximately 10% of the total flow from streams and rivers for 
cooling purposes. In addition to the use of streams and rivers for 
cooling purposes waste heat has been discharged into ponds, lakes, 
and reservoirs (Meredith 1973; Metz 1977) . Thermal discharges into 
closed systems have a greater disruptive potential than once-through 
cooling systems on the reproductive cycle of fish. 
Cooling reservoirs also have potential beneficial uses 
including aquaculture and sport fishing. Since 1978, the Big Stone 
Power Plant cooling reservoir has been studied as a possible site 
for rearing and maintaining fish brood stock for the South Dakota 
Department of Game, Fish and Parks hatchery system. Early studies 
examined physical, chemical, and biological parameters in the 
reservoir (Wheeler 1979; Johnson 1980; Krska 1980; Sloane 1980; Wahl 
1980) . Henley (1981) and Younk (1982) conducted ultrasonic tracking 
studies of northern pike (Esox muskellunge 
�asquinong_y), and walleye (Stizostedio� vitreum ��treum) . Results 
fran these studies indicated that the sl..ll1'ITT1er water temperature was 
lethal to adult muskellunge and northern pike but not to adult 
walleyes. Since 1982 walleyes have been stocked into the reservoir 
in an effort to establish a source of brood fish. 
Most previous studies examining possible effects of a thermal 
discharge on the reproductive cycle of fishes have been conducted on 
relatively large reservoirs or once-t..,rough cooling systems (e. g. 
Alabaster and Downing 1966; Boytsov 1971; Neill 1971; Bennett and 
Gibbons 1975; Mathur et al. 1980; Barwick 1981; Larimore and 
Tranquilli et al. 1981) . In these systems only the discharge area 
contained above-ambient water temoeratures. Studies examining the 
reproductive cycle of fishes in reservoirs where the volume of 
heated water is great enough to effect the entire reservoir are 
limited (Dean and Bailey 1976) . The Big Stone Power Plant cooling 
reservoir, due to its size (145 hectares) , provides a suitable 
heated environment for studying the effects of water temperature on 
the gonadal developnent and fecundity of fishes. 
Objectives of the present study were to: (1) determine the 
distribution and temperature selection fishes in the cooling 
reservoir, (2) document the gonadal developnent of ccxnmon carp 
(Cyprinus carpio) , black bullheads (Ictalurus melas) , yellow perch 
(Perea flavescens) , and bluegills (�mis macrochirus_) in the 
cooling reservoir, and (3) determine the relationships between the 
temperature selectiOin and gonadal developnent of fishes in the Big 
Stone Power Plant cooling reservoir. 
STUDY AREA 
The Big Stone Power Plant, located in Grant County, South 
Dakota, is owned jointly by Montana-Dakota Utilities Company, 
Northwestern Public Service Canpany, and Otter Tail Power Company. 
The 145 hectare cooling reservoir used by the power olant has a 
maximum depth of 10.0 m and a mean depth of 4.9 m (Fig. 1). The 
reservoir is elevated above the surrounding landscape and therefore 
subject to severe wind and resultant wave action. The shoreline and 
T-shaped dike, which divides the reservoir, are protected by granite 
rip-rap. The bottom substrate is compacted clay and supported no 
aquatic macrophytes during this study. The cooling reservoir was 
excavated in 1972 and became operational in 1975. The water level 
in the cooling reservoir is maintained by pumping water from Big 
Stone Lake. This has resulted in the establishment of at least 18 
fish species in the reservoir (Wahl 1980) . 
water from the cooling reservoir is cycled through the power 
plant at a maximum rate of 509. 7 rn /min. This water condenses 
excess steam into water and is then discharged into the cooling 
reservoir. The process is continuous except when the plant suspends 
operations for repairs. During this study, the power plant 
suspended operation between 17 September and 17 October, 1982. 
Intake 
190 2.90 
Meters 
Figure 1. fhe big Stone Power Plant cooling reservoir, 
South Dakota, with depth contours shown at a level of 
341.1 m above mean sea level. 
Fishes were collected 
examine their distribution, 
developnent. Sampling was 
METHODS 
from July 1982 through July 
and 
7 
1983 to 
gonadal temperature selection, 
conducted twice a month except from 
October through February when samples were taken once a month. The 
reservoir was arbitrarily divided into three areas; (1) the 
discharge area, where water is discharged after circulating through 
the power plant; (2) the mixing area, where the mixing of the warmer 
and cooler water occurs; and (3) the intake area, where cooler water 
is pumped into the plant for circulation (Fig. 2. ). 
Single lead south Dakota trap nets with 1.2 m frames and 1. 3 
au mesh were used to sample fishes. In addition, fishes were 
sampled with experimental gill nets 76.2 m long and 3. 1 or 6. 1 m 
deep. Experimental gill nets were divided into five equally sized 
panels of 1. 3, 2.5, 3. 8, 5. 1, and 7.6 cm bar mesh. On each sampling 
date one trap net and one gill net were set overnight in each area 
at a depth that would allow for sampling of the entire water column. 
Gill nets 3. 1 m deep were used in the discharge and intake areas 
while a 6. 1 m deep net was used in the mixing area. 
A water temperature profile was taken adjacent to each gill net 
set at 1 m intervals using a HACH Portable Dissolved Oxygen Meter 
Model 16046. Temperature at the trap net sites was measured but not 
used in examining temperature selection. water samples were 
collected frcm the surface, midwater, and bottom of each area using 
a plastic Kemnerer water bottle for dissolved oxygen measurements. 
When the HACH oxygen meter malfunctioned dissolved oxygen was 
iHXING AdEA 
HlTAKE AREA 
Intake 
.,. 
,; 
<l. 1QO � 
Meters 
Discharge 
r"ie;ure 2. Ui vision
s by area (int0ke, 
rr;ixing, c.lischarge) 
of 
the Big Stone Pow
er Plaht cooling 
reservoir, South u
akota. 
en 
measured using the azide modification of the Winkler titration 
method (Lind 1979) . When a gill net was removed, the following 
information for each fish captured was recorded: species, depth of 
capture in the net, weight, and total length. Capture depths in the 
gill nets were recorded to the nearest 0.5 m; fish were considered 
to be captured at the surface if captured between 0.00-0.25 m. A 
mean water temperature occupied by each species was determined on 
each sampling date. The mean water temperature occupied by fishes 
was based on the water temperature corresponding to the depth of 
each captured fish for a species. Relative catch (distribution) by 
area was determined for each species by month using catch from both 
gill and trap nets. Because of limited thermal stratification in 
the mixing and intake areas, only the discharge area was examined 
for the vertical distribution of fishes in relation to water 
temperature. The year was arbitrarily divided into seasons based on 
changes in water temperature; sumner was fran June through August, 
fall was frcm September through October, winter was from November 
through February, and spring was from March through May. 
The gonads were excised from captured fishes, weighed to 
nearest 0.0001 g using a single pan Mettler HlO balance, and then 
preserved in modified Gilson's fluid in accordance with methods 
outlined by Bagenal and Braum (1978) . The Gonosanatic Index (GSI) , 
expressed as a percentage of gonad weight to body weight, was 
calculated for each fish (Kaya and Hasler 1972) . Ovaries were 
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classified as either irrmature, maturing, mature, partially spent, or 
spent (Gupta 1975) . 
Ova diameters were measured from a random sample of 200 ova, 
excluding primary oocytes, fran each pair of ovaries with a 
multipower dissecting microscope (7-30X) equipped with an ocular 
micrometer. Potential fecundity, the total number of ova excluding 
primary oocytes in the ovaries prior to spawning, was estimated for 
females classified as mature. Five ova subsamples from each pair of 
ovaries were weighed and counted using the gravimetric wet subsample 
method (Bagenal and Braun 1978) to determine a weighted mean weight 
from each ovum. This weighted mean was then divided into the total 
weight of the ovaries to estimate the potential fecundity for that 
female. Residual fecundity, the number of ova retained in the 
ovaries after spawning, was estimated from females classified as 
spent using the method outlined above. Females were classified as 
spent based on ova diameter, GSI, and the physical appearance of the 
ovaries. Effective fecundity, the number of ova shed during 
spawning, was approximated when possible by subtracting residual 
from potential fecundity. 
1 1 
RESULTS 
A total of 2899 fishes were captured, representing 17 species 
(Table 1. ) .  Of these fishes, 509 were analyzed to determine gonadal 
develoµnent. The majority of the catch (46. 8%) occurred in the 
discharge area, while 31. 8% and 21.4% of the catch were fran the 
mixing and intake areas, respectively. 
PHYSICAL AND CHEMICAL FACTORS 
The discharge area of the cooling reservoir exhibited thermal 
stratification on all sampling dates except during the period of 
plant shutdown (17 September - 17 October 1982) . 
shutdown, temperature was uniform throughout 
During the plant 
the reservoir. 
Stratification was never observed in the intake area. The mixing 
area stratified during July 1982, and March and July 1983. 
Mean water temperature ranged from 4.5 C in the mixing area to 
37.8 C in the discharge area (Table 2) . Surface temperature in the 
intake area was lowest in December (6.0 C) . The highest surface and 
bottan temperatures in the intake area occurred in July 1982 and 
were 32.5 and 29. 5 C, respectively. Surface temperature in the 
mixing area ranged from 4. 5 C in February to 34.0 C during July and 
August 1982. Bottom temperature ranged from a low of 4. 5 C in 
February to a high of 27.3 C in August. Temperature in the 
discharge area from surface to bottom varied by as much as 16. 8 c. 
The highest temperatures at the surface and bottom in the discharge 
area were 37.8 C in July 1982 and 29.0 C in September (prior to the 
plant shutdown) , respectively; the lowest temperatures at the 
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Table 1. Species of fish collected from the three areas in the Big 
Stone Power Plant cooling reservoir between July 1982 and July 1983. 
x indicates presence in that area while - indicates an absence from 
that area. 
Species Discharge 
corrmon carp (Cyprinus carpio) X 
walleye (Stizostedion v. vitreum) X 
yellow perch (Perea flavescens) X 
black bullhead�alurus melas) X 
bluegill (Lepomis macrochirusr- X 
orangespotted sunfish (Lepomis humilis) X 
white bass (Mo� chrysops) X 
cornnon shiner (Notropis cornutus) X 
emerald shiner ( Notropis atherinoides) X 
white sucker (Catostanus corrmersoni) X 
tadpole madtom (Not� gyrTnus_) _ x 
black crappie (Pomoxis nigromaculatus) X 
pumpkinseed (�pomis g_ibbosus) X 
freshwater drum (��odinotus grunniens) X 
rock bass (Arnbloplites rupestris) 
channel catfish (Ictalurus punctatus) X 
brown bullhead (Ictalurus nebulosus) X 
Mixing 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
Intake 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
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Table 2. Mean monthly temperatures (C) at 1.0 m intervals for each 
area of the Big Stone Power Plant cooling reservoir, July 1982-July 
1983. 
Month Area Surface 1.0 2.0 3.0 4.0 5.0 6.0 
July intake 32.5 32.5 31.8 29.5 
mixing 34.0 35.0 31.5 29.3 28.8 28.0 27.0 
discharge 37.8 37.8 30.8 28.5 
August intake 31.3 31.5 30.8 29.0 
mixing 34.0 33.3 31.3 30.5 28.5 28.3 27.3 
discharge 37.5 37.3 30.3 28.3 
a 
September intake 25.2 25.2 24.8 24.5 
mixing 28.5 28.5 28.5 26.0 25.0 24.5 24.5 
discharge 33.0 33.0 29.0 29.0 
b 
September intake 16.0 16.0 16.0 16.0 
mixing 16.0 16.0 16.0 16.0 16.0 16.0 16.0 
discharge 15.0 15.0 15.0 15.0 
October intake 11.0 11.0 11.0 10.5 
mixing 10.5 11.0 11.0 11.0 10.5 10.5 10.5 
discharge 17.0 16.0 11.0 11.0 
November intake 7.0 7.0 7.0 7.0 
mixing 10.0 10.0 9.0 8.0 8.0 8.0 8.5 
discharge 17.0 17.0 16.0 10.0 
December intake 6.0 6.0 6.0 6.0 
mixing 7.0 7.0 7.0 7.0 7.0 7.0 7 •• o 
discharge 17.0 16.0 14.0 10.0 � 
January intake 8.0 8.0 8.0 8.0 
mixing 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
discharge 16.0 16.0 12.0 10.0 
February intakeC 
mixing 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
discharge 15.0 15.0 13.0 9.0 
March intake 11.8 11.8 11.5 11.0 
mixing 16.0 15.5 11.3 9.5 9.5 9.0 9.0 
discharge 25.8 22.0 9.0 9.0 
April intake 13.3 12.8 12.8 12.9 
mixing 13.2 11. 7 11.3 10.5 9.7 9.4 9.3 
discharge 25.8 20.5 10.5 10.7 
Table 2. continued. 
Month Area Surface 
May intake 19.3 
mixing 20.0 
discharge 25.8 
June intake 23.3 
mixing 23.0 
discharge 30.3 
July intake 27.0 
mixing 29.0 
discharge 32.0 
a - before plant shut down 
b - during plant shut down 
1.0 2.0 
19. 3 19.0 
19.8 19.3 
23. 8 21. 8 
23.3 23.3 
22. 8 22. 8 
30. 3 22.5 
26. 5 25. 0  
28.0 24.0 
27.5 24.0 
c - no measurement taken due to ice cover 
14 
3.0 4.0 5.0 6.0 
17. 9 
19.0 17.8 17.3 17 .3  
20. 3 
23.3 
22. 8 21. 8 21. 5 21. 2 
21.2 
24.5 
23.5 23.5 23.5 23.5 
23. 5 
15 
surface and bottom were 15 . O  C in September after the plant shutdo1,m 
and 9. 0 C during February and March. 
Dissolved oxygen was greater than 5.0 mg/1 during all months 
except July and August 1982 and May 1983. In July and August oxygen 
was less than 5.0 mg/1 near the bottom in the mixing area. In May 
oxygen dropped to less than 5.0 mg/1 on the bottom of the discharge 
area (Table 3. ) .  Continuous water mixing accounted for oxygen 
levels remaining near saturation during most of the study. 
DISTRIBUTION AND TEMPERATURE SELOCTION 
Comnon Carp 
The mean water temperature occupied by corrmon carp ranged from 
a low of 7.5 C in February to 31.2 C in August (Fig. 3) . However, 
fish were captured in water temperatures from 4.5-39.0 c. A total 
of 508 cannon carp were captured throughout the study. Catch varied 
by area and depth. Catch of corrmon carp was generally greatest in 
the discharge area, except in October when comnon carp were captured 
only in the mixing area (Fig. 4) . As water temperature cooled, 
capture of ccrcrnon carp in the intake area decreased to zero. 
Comnon carp were found at all depths in the discharge area 
(Fig. 5) • However, during the sumner most fish were below the 
thermocline. In the winter, camion carp moved up the water column 
concentrating in the 1.0-2.0 m strata. During the spring common 
carp were concentrated between the surface and 1.0 m depth. 
Black Bullheads 
Black bullheads were captured in the cooler waters throughout 
16 
Table 3. Mean monthly dissolved oxygen measurements (rng/1) at the 
surface, midwater, and bottom of each area of the Big Stone Power 
Plant cooling reservoir, July-November 1982 and February-July 1983. 
Month Area Surface Midwater Bottom 
July intake 7. 8 7.9 7.3 
mixing 7. 5 7.4 2.0 
discharge 7. 2 7. 8 6.0 
August intake 8.8 8. 4 7. 1 
mixing 8. 2 7. 7 3. 6 
discharge 7.0 7.6 4.5 
September intake 9.0 9.0 8.2 
mixing 9.8 9.6 6.4 
discharge 9.2 9.1 8.9 
October intake 10.4 10.0 10.0 
mixing 10.0 10.2 9.6 
discharge 9. 8 9.8 10.0 
November intake 10.8 10.9 11.0 
mixing 10.0 8.5 8.5 
discharge 10.6 10. 8 10. 8 
February intakea 
mixing 11.2 11.2 10.6 
discharge 10. 8 10. 9 11. 0 
March intake 8. 2 8. 1 7.5 
mixing 9. 8 9. 7 8.9 
discharge 9. 1 9. 5 9. 1 
April intake 9.5 9.6 9.7 
mixing 9.3 9. 1 6.7 
discharge 8.3 8.4 7.8 
May intake 8.8 8.6 8.4 
mixing 7.8 6.7 6.0 
discharge 6.0 6.4 3. 2 
June intake 8.0 9. 0 8.4 
mixing 8. 1 8. 1 5. 7 
discharge 7. 9 7. 6 6. 4 
July intake 9. 4 9. 2 9. 2 
mixing 8. 2 8. 8 7. 2 
discharge 8. 6 7. 6 8. 2 
a - measurements not taken due to ice cover 
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the year (Fig. 6) . The mean water temperature occupied by black 
bullheads was lowest in April (7.5 C) , while the highest was 29.6 c 
in July 1982. These fish were in waters ranging from 6. 0-31. 0 C. 
During this study a total of 215 black bullheads were captured. 
In July and August 1982 black bullheads were concentrated in 
the discharge area (Fig. 
highest concentration of 
7) . Fran September through November 
black bullheads fluctuated l:etween 
the 
the 
discharge and mixing areas. Catch of black bullheads in the 
discharge area 
bullheads were 
increased from December to February, 
captured only in the discharge area. 
when black 
Fish then 
shifted to the mixing and intake areas from May through July 1983. 
In the discharge area most black bullheads were captured near 
the bottom (3.0 m) (Fig. 5) . In all seasons except summer, some 
black bullheads were captured throughout the water column. During 
the surrmer none were caught in water less than 2.0 m. 
Yellow Perch 
Of the fish species captured, yellow perch tended to inhabit 
the coolest water available (Fig. 8) . The mean water 
occupied by yellow perch ranged from 4.5-29.4 c. 
capture temperature for a yellow perch was 30.0 C. 
temperature 
The highest 
A total of 146 
yellow perch were captured during this study. 
Yellow perch were most abundant in the mixing area during all 
months except January and July 1983 (Fig. 9) . Spring and surrmer 
were the only seasons yellow perch were caught in the discharge area 
(Fig. 5) . During both of these seasons all yellow perch were 
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Figure 6. Mean water temperature ( • )  occupied by black bullheads 
(Ictalurus melas) and the range of available tenperatures fran July 
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reservoir. 
-
w 
> 
t­
< 
_J 
w 
a: 
80 
60 
40 
20 
Q-+,.-...-..,......-. ..... --�..-�......,......,....._..,._....,_.......,.._.�'+-'.........a...._,r---....... ....,.. ....... ........., .......... ....,. ............. 
J 0 J 
MONTH 
M J 
Intake :�� 
Mixing i 
Discharge : : : 
J 
Figure 7. Distribution of b:ack bullheads (Ictalurus 
melas) in the discharge, mixing, and intake areas of 
the Big Stone Power Plant cooling reservoir, July 
1982 - July 1983. 
23 
40 
35 
30 
-
(.) 
-
w 25 
a: 
� 
� 
< 
a: 
20 w 
0. 
� 
w 
� 
t 15 
10 
5 
CII CII • GO CII) CII) .... .... CII) co .... ... .... .... .... .... .... .... CII) 0 .... .... .... .... CII IO • ... 0 CII ., '° CII '° tO CII ... ... ... C') CII ... ... .... ... .... .... CII) .... .... .... .... .... .... .... C') ., CII ....... CII) ... CII .... .... .... '° .... � a, a, 0 CII C') ... ... ., II) 
DATE 
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26 
captured near the bottom of the discharge area (3.0 m depth) . From 
February through July 1983 capture in the mixing area generally 
decreased, while capture in the intake area increased . In December 
no yellow perch were captured in any area of the cooling reservoir. 
Bluegills 
Insufficient numbers of bluegills were captured in the gill 
nets for detennination of their temperature/depth distribution. 
Catch by area represents the best data for examining bluegill 
distribution (Fig. 10) . A total of 980 bluegills were captured 
during this study, mostly in trap nets. The catch in the discharge 
area decreased fran July through September 1982. During this 
period, catch in the mixing area remained fairly constant while 
catch in the intake area increased. Fran October through April, 
with the exception of December, most bluegills were concentrated in 
the discharge area. When catch began decreasing in the discharge 
area in March, catch in the intake area increased. 
Walleyes 
A total of 792 walleyes were captured throughout the study 
period. Walleyes were captured in water temperatures ranging from 
4.5-36 .0  C, though the mean water temperature occupied by walleyes 
ranged fran 13.4-30.4 C (Fig. 11) . When water ternperature was the 
warmest, walleyes tended to select the coolest water available. 
However, when water temperature was the coolest, October through 
February, the mean capture ternperature occupied by walleyes was in 
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Figure 10. Distribution of bluegills ( Lepomis macrochirus) 
in the discharge , mixing , and intake areas of the Big 
Stone Power Plant cooling reservoir , July 1982 - July 
1983. 
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the warmest available range. During the first month of sampling, 
walleyes were most abundant in the discharge area (Fig. 12) . Catch 
rates for walleyes decreased through September in the discharge 
area. A similar increase was observed in the mixing area. Walleye 
catch in the discharge area increased from October until January, 
when all walleyes captured were in the discharge area. As catch in 
the discharge area decreased, walleyes were first caught in the 
mixing area in February, followed by walleyes appearing in the 
intake area in March. 
During the sumner, walleyes were captured at the deeper depths 
in the discharge area (Fig. 5) . Walleyes were generally uniformly 
distributed throughout all depths in the fall. Walleye numbers were 
greatest in the discharge area during the winter and spring. During 
these seasons walleyes were most abundant in the shallower depths. 
Miscellaneous Fishes 
A total of 258 miscellaneous fishes were captured in the gill 
and trap net sets. These fishes included orangespotted sunfish 
(Lepomis humilis) , white bass (Merone chrysops) , common shiners 
(Notroois cornutus) , emerald shiners (Notropis atherinoides) , white 
suckers (Catostomuus commersoni) , tadpole madtoms (Noturus qyrinus) , 
black crappies (Pomoxis nigromaculatus) , pumkinseeds (I.:�omis 
gibbosus) , freshwater drums (Aplodinotus grunniens) , rock bass 
(Amblopli tes rupe�tris) , channel catfish (Ictalurus eunc1=_atus) , and 
a brown bullhead (Ictalurus nebulosus) . Of these, 51.9 % were 
captured in the discharge area and 24.8 % and 23.3 % in the mixing 
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?igure 12. Distribution of walleyes ( Stizostedion 
yitreum vitreum )  in the discharge , mixing, and intake areas of  the Big Stone Power Plant cooling reservoir, July 1982 - ,  July 1983 . 
3' 1 
and intake areas, respectively. These fishes displayed a pattern 
similar to the walleyes, bluegills, and carp, concentrating in the 
discharge area during the colder months (Fig. 13) . In the winter no 
miscellaneous fishes were captured at the 2.5 m and 3.0 m depths of 
the discharge area. 
GONADAL DEVELOPMENT 
Coomon carp 
A total of 96 female and 70 male common carp were examined for 
gonadal develoµnent. The mean length and weight of comrnon carp 
prior to spawning were 417.9 mn and 833.9 g, respectively. The mean 
GSI for females ranged fran 4.98% in August to 13.73% in March (Fig. 
14) .  The mean GSI for males ranged from 1.32% in August to 5.23% in 
April (Fig. 14) . GSI for males and females followed sL�ilar 
patterns, but males appeared to be in spawning condition longer. 
Decreases in GSI during May and August indicated the possibility of 
two spawning periods. Spent and partially spent females were 
captured on 5 August and 19 August 1982 and 6 April, 22 April, and 9 
May 1983. 
Ova diameters also indicated the possibility of two spawning 
periods with ova for the second spawn beginning to mature in June 
(Appendix Table 1.) . Based on estimates of potential and residual 
fecundity, approximately 93,000 ova/female were released during the 
first spawning period (Table 4.) . During the second spawning 
period, in August, 42.9% of the captured females were completely 
spent . 
4.) 
These fe..males spawned approximately 84,000 ova each (Table 
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Figure 13 . Distribution of miscellaneous fishes in the 
discharge ,  mixing , and intake areas of the Big Stone 
Power Plant cooling reservoir, July 1982 - July 1983. 
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Figure 1 4 . Mean monthly gonosomatic indices for female 
and male common carp ( Cyprinus carpio ) in the Big Stone 
Power Plant cooling reservoir , July 1982 - July 1983.  
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Table 4. - Potential, residual, and actual fecundity estimates for 
canmon carp (�inus ca���) classified as mature or recently spent 
for two spawning periods in the Big Stone Power Plant cooling 
reservoir. 
Potential fecundity 
Residual fecundity 
Actual fecundity 
Potential fecundity 
Residual fecundity 
Actual fecudity 
FIRST SPAWN 
.95 CL ---N 
20 119,652-139,972 
9 36, 506 
93,306 (approximated) 
SECOND SPAWN 
N 
6 
x 
84,425 
84,425 (approximated) 
25, 092-47, 920 
.95 CL 
68 , 467-100 ,383 
Black Bullheads 
A total of 78 female and 50 male black bullheads were used for 
exnmination of gonadal development. The examined fish ranged in 
weight from 82-518 g and in length from 181-308 mn. The lowest mean 
GSI for female black bullheads was 0. 57% in August (Fig. 15) ; the 
highest mean GSI was 5. 74% in May. The GSI for males ranged from 
0. 10% in February to 0.32% in July (Fig. 15) . The female GSI had 
the greatest decline between May and July, while the male GSI 
changed little throughout the year. Recently spent females were 
captured from 23 June through July. 
Maturing black bullhead ovaries were first collected 30 
September. Once an individual ovary developed to a GSI of 6.00% 
there was little noticeable change in ova diameter. Therefore, 
females with a GSI greater than 6.00% were used to estimate 
fecundity (Appendix Table 2. ) .  Potential fecundity was estimated at 
5, 647 ova/female (.95 CL 5,169-6, 125 ova/female) . Because no female 
black bullheads were captured imnediately after spawning, residual 
fecundity was not estimated. 
Yellow Perch 
The gonadal development of yellow perch was based on the 
examination of 24 females and 23 males. The yellow perch examined 
ranged fran 18-277 g and 116-280 nm. The mean GSI for females 
ranged fran 0.34% in July 1983 to 21.39% in April (Fig. 16) . Male 
gonads weighed the least in July 1983, representing 0 .01% of the 
body weight and the highest, 4.61%, in October (Fig • .  16) . One 
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Figure 16 . Mean monthly gonosomatic indices for female 
and male yellow perch ( Perea flavescens )  in the Big 
St one Power Plant coolin g reservoir, July 1982 - July 
1983. 
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female captured 22 April was partially spent; all females captured 7 
July 1983 were completely spent; none showed evidence of having 
recently spawned. No females were captured in May and June when 
spawning probably occurred. 
By 4 April yellow perch ova had their largest diameters. One 
partially spent female had the same size range of ova as nonspent 
females, but had a different ova diameter frequency (Appendix Table 
3. ) .  Because no females were captured after spawning, only 
potential fecundity could be estimated; the estimate was 24,891 
ova/female (.95 CL 10,437-39,344 ova/female) . 
Bluegills 
Bluegills examined for gonadal develoµnent included 86 females, 
82 males. The length and weight of bluegills examined ranged from 
112-250 nm and 22-370 g, respectively. The mean GSI for females 
ranged from 0. 87% in July 1982 to a high of 9. 12% in May (Fig. 17) . 
The lowest mean GSI for males was 0.08% in November and February. 
The peak GSI for males (1.04%) coincided with the peak for females 
(Fig. 17) . Spent females were captured on 16 July, 5 August, 11 
September 1982, and 6 July 1983. 
Ova diameters ranged from 0.4-1. 1 nm for fish having GSI values 
of 4. 00-18.00% (Appendix Table 4.) . Bluegills having a GSI greater 
than 4.00% were used to estimate fecundity. Potential fecundity was 
estimated at 14,666 ova/female (. 95 CL 10, 513-18, 819 ova/female) . 
Females classified as spent contained only a few broken and 
partially reabsorbed ova. Therefore, potential fecundity can be 
considered actual fecundity. 
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figure 17. Mean monthly gonosomatic indices for female 
and ma le bluegills ( Lepomis macrochirus ) in the Big Stone 
Power Plant cooling reservoir, July 1982 - July 1983. 
DISCUSSION 
cormnon Carp 
The lethal rnaxirnt.nn temperature for corrmon carp has been 
reported to be between 35.7 (Black 1953) and 40.9 C (Horoszewicz 
1973) . Mean water temperatures occupied by corrmon carp were below 
these temperatures , but individual corrmon carp were captured near 
the temperature reported by Horoszewicz (1973) . McNeely and Pearson 
(1974) reported that camnon carp were distributed throughout a 
cooling reservoir , but were attracted to the heated effluent in the 
spring and surrmer. In addition to spring and surrmer, comnon carp in 
the Big Stone Power Plant cooling reservoir were attracted to the 
discharge area in the winter , thus exhibiting a preference for the 
warmer water. 
Analysis of the gonadal development of comnon carp revealed two 
distinct spawning periods. The first began in early April and 
continued into early May. The second spawning period occurred 
during August. Two spawning periods for camnon carp have been 
previously reported in South Dakota with spawning occurring in May 
and late July (Fogle 1961) . Others have reported single spawning 
periods in South Dakota beginning in early June (Shields 1956; 
Sprague 1961; Walburg 1964; Walburg and Nelson 1966) . Penale corrrnon 
carp spawning a second time during one year has also been reported 
in other temperate lakes (Swee and McCrirrmon 1966; Carlander 1969). 
The mean water temperature occupied by common carp during the first 
spawning period ranged fran 16.0-24.4 C. Temperature during the 
second spawning period in August ranged from 28 .0-31 .0  C.  Optimum 
spawning temperature for corranon carp ranges fran 18 .5-23 .0 C 
(Shields 1957; Sigler 1958; Walburg and Nelson 1966; Mauck and 
Sum:nerfelt 1971; Jester 1974) . Swee and McCrimmon (1966) reported 
that spawning ceased at temperatures below 16 .0  C and when 
temperatures reached 28 .0  c. However, Tranquilli et al . (1981) , 
examining corranon carp reproduction in a cooling lake, reported a 
second spawn at 29 .0  C .  
Gupta (1975) found that common carp ovaries represented up to 
20% of body weight prior to spawning, while the testes weighed 
about 5% of the body weight . This concurs with the findings at the 
Big Stone Power Plant cooling reservoir where the highest GSI for a 
female was 21 .00% . 
reservoir 
The mean CSI for males prior to spawning in the 
was 5 . 23% . Fecundity for common carp has cooling 
generally been reported as qn estimate of the number of ova in a 
female prior to spawning (Rehder 1959; Swee and McCrimmon 1966 ; 
Jester 1974) . In Iowa, corranon carp ranging from 590-1406 g, had a 
mean fecundity of 101,000 ova/female (Rehder 1959) . Jester (1974) 
reported the fecundity of corrmon carp (393-456 nm; 7003-1042 g) as 
46,242-79, 727 ova/fsnale . These are similar to estimates by Swee 
and McCrirnnon (1966) of 36,000-72,000 ova/female for fish ranging 
fran 391-445 mm (794-1361 g) . The fecundity estimates of 93,306 and 
84,425 ova/female for the first and second spawning periods, 
respectively, exceeds most of these reported estimates . However, it 
is possible that the common carp spawning during the second spawning 
period had also spawned during the first spawning period. Swee and 
McCrirrmon (1966) estimated that the common carp they examined had 
retained approximately 20% of their ova and suspected that females 
would spawn again later in the same year. Approximately 28% of the 
ova were retained by the corrmon carp in the Big Stone Power Plant 
cooling reservoir after the first spawn. If the 42.9% of the 
corrmon carp that were canpletely spent after the second spawn had 
also spawned during the first spawning period, the fecundity 
estimate for comnon carp in the cooling reservoir could be as high 
as 118,259 ova/female. 
Although comnon carp in the cooling reservoir have a high 
fecundity, 
captured. 
no young-of-the-year or juvenile common carp were 
In a cooling lake studied by Tranquilli et al. (1981) 
less than 1% of the common carp were smaller than 260 rrm. They 
concluded that a lack of spawning habitat (vegetation) and predation 
by a stunted bluegill population resulted in unsuccessful common 
carp reproduction and/or recruitment. The Big Stone Power Plant 
cooling reservoir also had no aquatic macrophytes, supported a large 
bluegill population (Wahl 1980) , and exhibited a lack of cornnon carp 
recruitment. It is also possible that some other factor , such as 
extreme temperature, associated with cooling reservoirs was 
responsible for the absence of common carp recruitment. 
Black Bullheads 
Capture temperatures for black bullheads were below the lethal 
temperature of 35.0 C reported by Black (1953) . Black bullheads 
seemed to be attracted to the discharge area in the summer ; they 
were always captured in the cooler water below the thermocline. 
However, their movement into the discharge area during the winter 
may have been a response to food. 
In the Big Stone Power Plant cooling reservoir black bullheads 
spawned fran June to July. This was the same period reported by 
Shields (1956, 1958) for South Dakota reservoirs. June {1977) 
reported the peak in spawning to be on 30 June, though the spawning 
period continued until 19 July. Shelley and Modde (1982) , using 
condition factors, estimated that black bullheads spawned fran 29 
May to 26 June in South Dakota ponds. The GSI for black bullheads 
in the cooling reservoir were similar to those previously reported 
(June 1977; Campbell and Branson 1978) . 
The mean water temperature occupied by black bullheads on the 
sampling date prior to spawning was 19.5 C and increased to 26.0 C 
on the first date spent females were captured. This concurs with a 
temperature of 21 C reported by Scott and Crossman { 1973) . 
The fecundity estimates for black bullheads in the cooling 
reservoir exceeded the normal range reported by Scott and Crossman 
(1973) , but were below the highest value reported by Carlander 
(1969) . In a study conducted by Campbell and Branson (1978) 
fecundity estimates for black bullhead populations in Kentucky 
ponds, lakes, and streams were estimated at 2,552, 3,372, and 2,645 
ova/female, respectively. These were less than the fecundity 
estimate for black bullheads in the present study. 
Because black bullheads are benthic , their habitat was less 
effected thermally than other fishes in the cooling reservoir. All 
sizes of black bullheads were present in the cooling reservoir; it 
appeared that conditions were present for their successful 
reproduction and recruitment. 
Yellow Perch 
The distribution of yellow perch in the Big Stone Power Plant 
cooling reservoir was not unique. Hokanson (1977) reported that 
percids were generally among the least abundant species near thermal 
plumes during all seasons. In laboratory studies , McCauley and Read 
(1973) found that yellow perch selected temperatures from 17.6- 23.3 
C when acclimated at 24.0 C. In a similar study, yellow perch 
selected temperatures between 10-29 C (Barans and Tubb 1973). 
Ferguson (1958) reported that the water temperature preferendum of 
yellow perch in the laboratory was 24.2 c. However , in the field 
portion of his study, the preferred temperature ranged fran 19.7-
21.2 c. Yellow perch in the Big Stone Power Plant cooling reservoir 
were captured in water exceeding 24.2 C ,  but only when cooler water 
was unavailable. During the warmest periods , the mean water 
temperature occupied by yellow perch in the cooling reservoir was 
near their lethal temperature range of 29.2-34.0 C (Hokanson 1977). 
Spawning dates of yellow perch have been reported to vary from 
late February to early July (Carlander 1969; Hokanson 1977). June 
(1977) reported peak spawning dates between 23 April and 9 May in 
Oahe Reservoir, South Dakota. These dates coincided with a sudden 
rise in water temperature. Spawning began in late April in the Big 
Stone Power Plant cooling reservoir coinciding with a sudden rise 
in water temperature and the mean water temperature occupied by 
yellow perch (7.5 C on 4 April to 13.0 C on 22 April) . Breder and 
Rosen (1966) reported that yellow perch spawn in water ranging 
fran 6. 7-12.2 c. A similar range was also noted by Carlander 
(1969) . Gamete viability was highest fran 8-11 C, however 
viability was still good up to 16.0 C (Hokanson 1977) . The lowest 
water temperature measured in early May was higher than 16.0 C. 
Therefore, it was possible that any yellow perch which spawned early 
were more successful that those that spawned later. 
Fecundity estimates for yellow perch in the cooling reservoir 
were within the range of 3,035-61,465 ova/female reported by Sheri 
and Power (1969) and Sztramko and Teleki (1977) . Hokanson (1977) 
suggested that testicular increases coincided with decreasing water 
temperature. This condition was also noted in the Big Stone Power 
Plant cooling reservoir. 
Though fecundity of yellow perch in the cooling reservoir was 
not effected by high water temperature, viability of spawned ova was 
possibly reduced. The low number of yellow perch observed in the 
cooling reservoir may be linked with reduced ova viability, lethal 
temperature to various life stages of yellow perch, and possibly 
predation. 
Bluegills 
Neill (1971) found that bluegills concentrated in a heated 
discharge area in waters ranging fran 29.4-31.3 C, even though 
cooler temperature was available. Bluegills were generally found 
throughout the Big Stone Power Plant cooling reservoir; the largest 
numbers were captured in the discharge area. Attraction to the 
discharge area was probably related to water temperature favorable 
to growth (Henley 1981) or the location of food (Neill 1971) . 
Because bluegills spawn throughout the growing season 
(Carlander 1977) it was difficult to determine spawning dates. In 
wanner climates bluegills spawn fran April to October (Breder and 
Rosen 1966) • The thermal reproductive range for bluegills is from 
17.0-33.8 C (Scott and Crossman 1973; Hokanson 1977) . In the 
cooling reservoir, spent female bluegills were captured from July 
through September; GSI indicated spawning began between May and 
June. It was not known whether individual bluegills spawned more 
than once as reported in lakes with similar water temperature 
(Carlander 1977) . The mean water temperature occupied by bluegills 
during the spawning period ranged fran 23.0-31.2 c. Carlander 
(1977) found no increase in egg number with increased female size. 
The mean fecundity (14,666 ova/female) for bluegills in the cooling 
reservoir was within the ranges previously reported, 7,200-38, 184 
ova/female (Mayhew 1956) , 3,800-19,000 ova/female (Breder and Rosen 
1966) , and 2,360-81, 104 ova/female (Carlander 1977) . 
The large number and size range of bluegills captured suggested 
successful reproduction. The elevated water temperature 1n the 
cooling reservoir probably provided a suitable habitat for feeding 
and reproduction. Also, the rip-rap area provided cover from 
predation. 
walleyes 
Huh et al. (1976) reported the optimum temperature range for 
growth of juvenile walleyes was fran 19-25 C. This temperature 
range was available for 160 of the 350 day sampling period in the 
Big Stone Power Plant cooling reservoir. When temperature was below 
the 19 C optimum, the walleyes concentrated in the warmer water of 
the discharge area. Walleyes have been shown to avoid temperatures 
above 25 C (Fitz and Holbrook 1978), although when cooler water is 
unavailable walleyes continued to feed in water temperatures up to 
30 C (Hokanson 1977). When temperature exceeded 25 C in the cooling 
reservoir the walleyes moved to the deepest areas 1n the mixing area 
and to the cooler waters below the thermocline in the discharge 
area. Wrenn (1975) also found that walleyes were absent fran a 
heated discharge area when water temperature exceeded 29.0 c. Younk 
(1982) found that adult walleyes inhabited the discharge area of the 
Big Stone Power Plant cooling reservoir during the cooler months and 
the intake area during the summer. Olson et al. (1978) found that 
movements of juvenile walleyes differed from those of adults. It 
was possible that juvenile walleyes selected the discharge area 
during the summer because of available food. 
Hokanson (1977) reported total population mortality for 
walleyes when water temperature exceeded 33-34 C. Walleyes in the 
cooling reservoir were captured alive in waters up to 36 C. It is 
probable that walleyes can tolerate short periods of exposure to 
high temperature when foraging. 
By July 6, 1983 the walleyes had reached a mean total length of 
316.3 rrm. Scott and Crossman (1973) reported that male and female 
walleyes reach maturity at lengths greater than 279 rrm and 356 nm, 
respectively. It is anticipated that walleyes stocked into the Big 
Stone Power Plant cooling reservoir in 1982 will be in spawning 
condition during the spring of 1985. 
CONCLUSIONS 
4 ::... . ./ 
The distribution of fishes in the Big Stone Power Plant cooling 
reservoir was similar to patterns of other thermally altered 
reservoirs. Fishes concentrated in the discharge area in the winter 
and were distributed throughout the reservoir the remainder of the 
year. All fish species examined selected the coolest water when the 
te.�perature in the cooling reservoir exceeded their thermal optimum. 
All fish species spawned near the time of year reported in 
other lakes. The fecundity of common carp and black bullheads 
exceeded those previously reported. This could be related to low 
population numbers for these species (Swee and McCrirrmon 1966; 
Mathur et al. 1979) in addition to water temperature and/or food. 
The gonadal development of comrnon carp, black bullheads, yellow 
perch, and bluegills are controlled by both photoperiod and 
temperature. However, ova developrnent in common carp may be 
regulated more by water temperature as this species spawned twice in 
one year. Although water temperature necessary for ova developrnent 
was present in the cooling reservoir, ova viability may have been 
reduced in sane species. 
Juvenile walleyes examined during this study did not inhabit 
water below 10 C which has been suggested by Edsall and Yocum (1972) 
to be necessary to produce viable ova. However, Younk (1982) found 
that adult walleyes in the Big Stone Power Plant cooling reservoir 
were located in water below 10 c. Walleye eggs taken from other 
cooling reservoirs have hatched successfully when the eggs were 
incubated in cooler waters at a hatchery (Prentice and Clarke 1978) . 
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APPENDIX 
Appendix Table 
(�inus £�92��) 
1983. 
1. Monthly diameter distribution of 
taken fran the Big Stone Power Plant 
ova , excluding primary oocytes , for 
cooling reservoir between July 1982 and 
OVA DIAMETER (nm) 
MONTH 0 . 34 0 .49 0 . 65 0 . 80 0 . 95 1 . 10 1 .25 1 . 41 1 .56 1 .71  1 . 86 
July 4 21 21 21 23 10 1 
August 3 9 6 3 6 18 27 21 7 1 
September 3 19 32 29 14 3 
October 4 14 19 19 31 12 3 
November 1 7 19 33 35 7 
December 1 5 7 11 24 30 20 3 
January 1 5 9 11 23 40 14 1 
February 1 4 12 26 37 16 2 
March 3 5 11 27 32 16 4 1 
April3 4 24 40 25 7 1 
Aprilb 1 15 26 37 19 2 
May c 1 9 29 32 23 5 
May d 5 13 26 36 16 5 
June 1 8 22 33 11 8 11 6 1 
July 2 23 50 22 1 
a - Mature fanales 
b - Spent females 
c - Partially spent females 
d - Spent females 
carp 
July 
Appendi x  Table 2 .  D iameter distribution of ova , excluding pr imary oocytes , for black bullheads 
(Ictalurus melas) taken fran the Big Stone Power Plant cool ing reservoir between July 1982 and July 
1983 !Jased o�their gonosomatic index (GSI) . 
OVA DIAMETER (rnn) 
GSI 0 . 49 0 . 65 0 . 80 0 . 95 1 . 10 1 . 25 1 . 41 1 . 56 1 .  71 1 . 86 2 . 01 2 . 17 2 . 32 2 . 47 2 . 62 
o . oo - 0 . 99 2 15 54 16 7 3 3 1 
1 . 00 - 1 . 99 20 38 33 10 
2 . 00 - 2 . 99 4 8 23 32 23 10 1 1 
3 . 00 - 3 . 99 1 5 13 23 27 22 7 1 
4 . 00 - 4 . 99 2 6 15 18 21 19 13 6 1 
5 . 00 - 5 . 99 3 6 14 16 20 23 15 3 1 
6 . 00 - 6 . 99 1 4 5 12 17 25 15 11 7 3 1 
7 . 00 - 7 . 99 1 4 4 15 21 16 16 14 9 
8 . 00 - 8 . 99 3 2 4 10 19 27 24 11 2 
9 . 00 - 9 . 99 6 8 21 30 17 10 6 
10 .00-10 . 99 1 1 5 8 10 24 36 17 
Appendix Table 3. Monthly diameter distribution of ova , excluding primary oocytes , for yellow 
perch (Perea flavescens) taken fran the Big Stone Power Plant cooling reservoir between July 1982 
and July 1983. 
OVA DIAMETER (mn) 
MONTH 0.49 0.65 0.80 0. 95 1. 10 1. 25 1.41 1.56 1.71 1.86 
July 3 31 54 11 2 
August 
September 
October 
November 
December 
January 
February 3 13 29 40 15 3 
March 4 15 23 46 14 1 
Apri� 6 19 17 31 27 2 1 
April 4 5 6 22 16 15 23 10 3 
May 
June 
July 
a - Mature females 
b - Partially spent females 
Appendix Table 4. Diameter distribution of ova, excluding primary oocytes, 
(Lepani� mac�oc�irus) taken fran the Big Stone Power Plant cooling reservoir 
1982 and July 1983 based on their gonosomatic index (GSI) . 
OVA DIAMETER (rrm) 
GSI 0. 19 0.34 0.49 0.65 0.80 0. 95 1. 10 
o . oo - 1.99 5 75 19 
2.00 - 3.99 3 34 28 31 5 
4.00 - 5. 99 1 4 18 38 33 7 
6.00 - 7.99 8 57 33 1 
8.00 - 9.99 1 10 34 42 10 
10 .00-11. 99 1 11 54 35 
12.00-13. 99 2 8 33 53 5 
> 18.00 6 24 47 23 2 
for bluegills 
between July 
